Barnyard (Echinochloa frumentacea) and finger (Eleusine coracana) millet growing at northwestern Himalaya were explored for the α-amylase inhibitor (α-AI). The mature seeds of barnyard millet variety PRJ1 had maximum α-AI activity which increases in different developmental stage. α-AI was purified up to 22.25-fold from barnyard millet variety PRJ1. Semiquantitative PCR of different developmental stages of barnyard millet seeds showed increased levels of the transcript from 7 to 28 days. Sequence analysis revealed that it contained 315 bp nucleotide which encodes 104 amino acid sequence with molecular weight 10.72 kDa. The predicted 3D structure of α-AI was 86.73% similar to a bifunctional inhibitor of ragi. In silico analysis of 71 α-AI protein sequences were carried out for biochemical features, homology search, multiple sequence alignment, phylogenetic tree construction, motif, and superfamily distribution of protein sequences. 
Introduction
α-AI is extensively found in many plant seeds and tubers, being particularly abundant in cereals and legumes (Franco et al. 2002; Mehrabadi et al. 2010) . These molecules play a key role in plant defense toward pests and pathogens (Franco et al. 2000) , which cause severe damages to field crops and stored grains (Koiwa et al. 1997; Pereira et al. 1999; Franco et al. 2002) . As these inhibitors could show different specificities against α-amylases from different sources and inhibitors with a wide specificity spectrum are strongly favoured for insect control (Franco et al. 2000) . Several kinds of α-amylase and proteinase inhibitors in seeds and vegetative organs act to regulate the numbers of phytophagous insects (Konarev 1996; Chrispeels et al. 1998; Gatehouse and Gatehouse 1998) . α-AI are attractive candidates for the control of seed weevils as these insects are highly dependent on starch as an energy source (Franco et al. 2000) . In cereal seeds, α-AI are proteins with 120-130 amino acids based on their primary and tertiary structures, disulphide bonds positions and reactive site localization α-AI may be classified into six families (lectin-like, knotting-like, Kunitzlike, γ-purothionin-like, thaumatin-like and cereal-type) (Richardson 1981; Strobl et al. 1995) . Many insects have several α-amylases that differ in specificity, and successful utilization of a food source is dependent on the expression of α-amylase for which there is no specific inhibitor . The α-AI have long been proposed as possible important weapons against pests whose diets make them highly dependent on α-amylase activity. In vitro and in vivo trials using α-AI, including those made under field conditions, have now fully confirmed their potential for increasing yields by controlling insect populations (Franco et al. 2000) . α-AIs have been isolated and characterized in white bean, kidney bean, sorghum, green gram, black gram, wheat, little millet and finger millet (Mulimani and Supriya 1993; Veronique et al. 1997; Kokiladevi et al. 2005; Heidari et al. 2005; Sivakumar et al. 2006; Barrett and Udani 2011) However, there is no report on presence of α-AI in barnyard millet.
Barnyard millet (Echinochloa frumentacea) is important millet grown in the arid and semiarid region of the world. Barnyard millet is a good source of protein, fat,
3
227 Page 2 of 16 carbohydrates, and crude fiber (Kumar and Parameshwaran 1998; Veena et al. 2005; Devi et al. 2014 ) apart from mineral (Panwar et al. 2016 ) and vitamins (Veena et al. 2005) . It also contains phytochemicals, such as phenolic acids, flavonoids and tannins (Kulkarni et al. 1992; Panwar et al. 2016 ) which serve as good source of natural antioxidants.
The present study, α-AI, was investigated in the barnyard (E. frumentacea) and finger (Eleusine coracana) millet. The α-AI genes and protein from barnyard millet were purified. We isolated the α-AI and performed a comparative in silico analysis of the reference nucleotide and protein sequences of α-AI from different organisms available in NCBI and ExPASy databases. The sequences were utilized for study of variation in their biochemical features, multiple sequence alignment, and sequence homology, phylogenetic tree construction, distribution of motifs, and superfamily using various bioinformatics tools and software.
Materials and methods

Plant materials
Seeds of different varieties of barnyard millet (VL21, VL29, VL172, VL207, and PRJ1) were procured from Vivekananda Parvatiya Krishi Anushandhan Sansthan, Almora, (ICAR) and Uttrakhand University of Horticulture and Forestry, Bharsar, Uttrakhand, India.
α-AI activity
Seeds (1 g) were finely ground in pestle mortar and mixed with 10 ml 1% NaCl (w/v) by shaking for 1 h and kept overnight at 4 °C. The mixture was centrifuged and final volume of supernatant was made with 25 ml with 1% NaCl solution. α-AI activity was measured in the supernatant. The enzyme was assayed using the procedure of Bernfeld (1955) . One unit of amylase was defined as the amount of enzyme which yields 1 mol of glucose at 37 °C for 1 min at pH 6.7. One unit of inhibitory activity is that which reduce the activity of amylase by one unit under the assay conditions. Seeds of different developmental stages of Barnyard millet variety PRJ1 (viz. 7, 14, 21 , and 28 days and matured) was harvested and α-AI was isolated and assayed.
Purification of α-AI
Purification of α-AI was done as described by McEwan et al. (2010) with slight modification. Barnyard millet variety PRJ1 seeds (50 g) were ground with 200 ml of 0.02M phosphate buffer (6.9 pH) containing 1% (w/v) polyvinylpolypyrrolidone. The mixture was stirred at room temperature (25 °C) for 4 h and then filtered through muslin cloth.
The residue was re-extracted and combined filtrate was centrifuged at 12,000g for 20 min and collected the supernatant. The obtained supernatant was treated with ammonium sulfate salt to 80% saturation for overnight at 4 °C. The precipitated protein was collected by centrifugation at 10,000 rpm for 20 min. The supernatant was decanted and the pellet was dissolved in a minimum amount of phosphate buffer (20 mM, pH 6.9). The ammonium sulfate fractions were dialyzed against 10 mM phosphate buffer (pH 6.9) at 4 °C for 48 h with repeated changes of buffer. The protein was concentrated in PEG-6000 at 4 °C until. α-AI activity and protein content was measured in concentrated fraction using starch as substrate (Bernfeld 1955 ) and Bradford method (Bradford 1976) , respectively. Concentrated sample obtained after dialysis was loaded into a DEAE-cellulose column (28 × 1.25 cm), equilibrated with 0.02M phosphate buffer (pH 6.9). Stepwise elution was carried out with a linear gradient of 0.1-0.5 M NaCl in 0.02 M phosphate buffer. Fractions (2 ml) were collected at 0.42 ml/min elution rate. Total protein was monitored by the absorbance at λ 280nm on a spectrophotometer. All fractions were analyzed for α-AI activity, active fractions were pooled, and protein content was measured in each fraction by the Bradford method (1976) . Active fractions were concentrated and were used for carrying out size-exclusion chromatography using Sephadex G 75 columns. The standard molecular weight marker protein catalases (240 kDa), Bovine serum albumin (66 kDa), ovalbumin (43 kDa), and lysozyme (13.5 kDa) were used for the determination of molecular weight. The SDS-PAGE of purified protein samples was analyzed using the method described by Laemmli (1970) .
Semi-quantitative PCR-based expression profiling of α-AI
Different stages of seeds (100 mg) of barnyard millet variety PRJ1 were ground in with liquid nitrogen. The ground seeds were immediately mixed with 1 ml of RNA-XPress Reagent and transferred to a 2.0 ml collection tube and RNA isolation was performed as per the protocol given in the RNA-press kit procured from Himedia Pvt. Ltd. Complementary DNA (cDNA) was synthesized using reverse transcriptase (RT) by ProtoScript ® First Strand cDNA Synthesis kit (New England Biolabs).
Eleusine coracana alpha-amylase-trypsin bifunctional inhibitor gene, partial cds (DQ494211.1) sequence was retrieved from NCBI (http://www.ncbi.nlm.nih.gov/) for primer designing (forward ACA ATC CGC TGG ACA GCT GC and reverse CCG AGT AAG GAG AGG CAG AA). For semi-quantitative analysis, tubulin gene was selected as endogenous internal standard. The tubulin primer (forward CTC CAA GCT TTC TCC CTC CT and reverse GCA TCA TCA CCT CCT CCA AT) used as internal control was designed from Genbank database (Acc. no. CX265249). 
In silico analysis of α-AI sequence
Amplified PCR products were sequenced by automated DNA sequencer at the DNA Sequencing Facility, SciGenome Labs private LTD, Cochin, Kerala, India. The sequence analysis was done using NCBI database by employing BLASTN algorithm (http://www.ncbi.nlm.nih.gov/GenBa nk/htmL) (Altschul et al. 1990 ). Nucleotide sequence was translated into protein sequence using ExPASy translate tool (http:// web.Expas y.Org/trans late/) and used for in silico characterization. The tertiary structure of α-AI was predicted using the homology modelling approach at SWISS-MODEL workspace (http://swiss model .expas y.org/) (Guex and Peitsch 1997; Arnold et al. 2006 ).
In silico analysis of different classes of α-AI
Seven classes of α-AI were analyzed separately using reference protein sequence entries for these α-AI classes from online databases. Representative protein sequences were used as probes to the BLAST database from NCBI (http:// www.ncbi.nlm.nih.gov/). The protein sequences in FASTA format from refseq entries, which were shown to exhibit α-AI activities, were selected for further in silico study. The evolutionary history was inferred using the neighbor-joining method (Saitou and Nei 1987) . The tree was drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Poisson correction method and were in the units of the number of amino acid substitutions per site (Zuckerkandl and Pauling 1965) . All positions containing gaps and missing data were eliminated. Evolutionary analyses were conducted in MEGA5 (Tamura et al. 2011) . For domain search, the Pfam site (http://www.sange r.ac.uk/softw are/pfam/ searc h. html) was used. Superfam server (http://supfa m.cs.bris.ac.uk/ SUPER FAMIL Y/hmm.html) was used for the analysis of superfamily present of the protein sequences. Domain analysis was used MEME (http://meme.sdsc.edu/meme/meme. html) (Bailey and Elkan 1994) . The conserved protein motifs deduced by MEME were characterized for biological function analysis using BlastP (http://www.ncbi.nlm.nih.gov/) and domains were studied with Interproscan providing the best possible match based on highest similarity score.
Physiochemical data were produced from various tools in the EXPASY Proteomic server (Clustal W, ProtParam, Protein calculator, Compute pI/Mw, ProtScale) (Kyte and Doolittle 1982) . The molecular weights (kDa) of the various α-AIs were calculated by the addition of average isotopic masses of amino acid in the protein and deducting the average isotopic mass of one water molecule. The pI of the enzyme was calculated using pKa values of amino acid according to Bjellqvist et al. (1993) .
Results and discussion
α-AI quantity α-AI in seeds of barnyard millet varieties varied from 36.27 ± 0.33 to 24.82 ± 0.63 U/g, while in seeds of finger millet varieties, it ranged from 24.81 ± 0.30 to 20.04 ± 0.19 U/g. It indicates that barnyard millet contains higher α-AI activity compared to finger millet. In barnyard millet varieties, α-AI was distinctly higher in variety PRJ1 (36.27 ± 0.33 U/g) followed by other VL172 (27.68 ± 0.23 U/g), VL29 (26.73 ± 0.58 U/g), VL207 (26.72 ± 0.69 U/g) and VL21 (24.82 ± 0.63 U/g), respectively. α-AI in seeds of finger millet varieties was markedly higher in variety VL315 (24.81 ± 0.30 U/g) followed by four other varieties VL146 (22.90 ± 0.45 U/g), VL324 (21.95 ± 0.54 U/g), VL149 (21.00 ± 0.38 U/g) and VL204 (20.04 ± 0.19 U/g), respectively. Results revealed that α-AI content in seeds of barnyard millet varieties showed inhibitory activity from 60.32 ± 0.46 to 41.26 ± 0.84%, while α-AI content in seeds of finger millet varieties exhibited inhibitory activity from 41.27 ± 0.27 to 33.34 ± 0.18% (Fig. 1) . Duncan post hoc analysis of α-AI in seeds of barnyard millet and finger millet showed nine groups. No significant difference was observed between varieties falling within a single group depicted with the same superscript at P ≤ 0.05, i.e., group a (PRJ1), group b (VL172), group c (VL29 and VL207), group d (VL21 and VL315), group f (VL146), group g (VL324), group h (VL149), and group i (VL204). Kokiladevi et al. (2005) studied the effect of α-AI activity crude protein extracts from the seeds of Vigna sublobata on larval α-amylase of insect (Callosobruchus analis) and exhibited that inhibitory activity 110.01% for Vigna umbellata, 80.50% for V. sublobata, and 70.03 for V. Glabracens. Barnyard millet variety PRJ1 contained the highest α-AI; hence, it was chosen for the purification and characterization of α-AI.
Screening of α-AI at different developmental stages of seed
Barnyard millet variety PRJ1, which showed the highest α-AI activity, was subjected to the screening of α-AI activity at different developmental stages of their seed. α-AI activity of seeds increased from 7 days after seed set to maturation stage (Table 1) . α-AI 35.98 ± 0.07 U/g was found highest in matured seed with specific inhibitory activity 8.99 U/ mg followed by other, 28 days (32.55 ± 0.12 U/g), 21 days (31.40 ± 0.05 U/g), 14 days (25.67 ± 0.39 U/g), and 7 days (18.61 ± 0.13 U/g), respectively. In matured seeds, α-AI activity was found 59.09 ± 0.09%. Richardson (1991) reported inhibitors as a storage protein because of presence in a large amount in dry/matured seed. α-AI represents about 6% of the protein in soybean (Rackis and Anderson 1964) , up to 10% of the total protein of barley seeds (Mikola and Kirsi 1972) , over 10% of the soluble proteins in potato tubers (Weder 1981) and about 20% of the soluble proteins of seeds of the Brazilian Carolina tree Adenanthera pavonina (Richardson et al. 1986 ). Hence, matured seeds of barnyard millet variety PRJ1 contained high α-AI protein and showed highest α-AI activity. Kokiladevi et al. (2005) reported, during the development of Vigna sublobata seed the α-AI activity was detected after 10 days of seed development and gradually increased until maturation of seeds, i.e., 15 days (45.23 IU/g), 20 days (93.27 IU/g), 25 days (126.25 IU/g), 30 days (151.39 IU/g), and dry seed (155.20 IU/g), respectively; similar pattern was observed in seeds of barnyard millet in our investigation.
Purification of α-AI
α-AI from matured seeds of barnyard millet variety PRJ1 was extracted with the specific activity 27.87 U/mg in 0.02 M phosphate buffer (pH 6.9) containing 1% polyvinylpolypyrrolidone. Specific activity of α-AI after 80% ammonium sulfate precipitation was 50.77 U/mg with 1.82 purification fold. After ion-exchange chromatography, specific activity of α-AI was found 271.03 U/mg with 9.73-fold purification (Table 2) . After gel-filtration chromatography specific activity of α-AI was found 620.14 U/mg with 22.25-fold purification which was approximately 8% in yield (Fig. 2) . Shivaraj and Pattabiraman (1981) also characterized two α-AI from finger millet (Elusine coracana Geartn) after subjecting to 55% ammonium sulfate precipitation, dialysis against 2 mM sodium acetate buffer, pH 5.0, CM-cellulose (Fig. 3) . Its apparent molecular mass was approximately 14.3 kDa. The molecular mass was also confirmed by gel-filtration chromatography (Fig. 2) . In the gel filtration, applied sample resolved the protein in a single peak (fraction number 37-50) which contained α-AI activity. The calculated elution volume (Ve) was 78.25 ml. The molecular weight of α-AI was determined from the standard calibration curve, which was approximately 14 kDa (Fig. 4) . α-AIs have been purified from various sources and found the molecular weight between the range of 14.0 and 77.0 kDa ( Table 3 ). The molecular weight of the α-AI of barnyard millet was found relatively low compared to Phaseolus vulgaris (Veronique et al. 1997) , Palo fierro (Guzman-Partida et al. 2007) , and Phaseolus acutifolius (Yamada et al. 2001 ), but was found identical with Elusine coracana (Shivaraj and Pattabiraman 1981) , Panicum miliaceum (Nagaraj and Pattabiraman 1985) , and Vigna sublobata (Kokiladevi et al. 2005 ).
Semi-quantitative PCR for expression analysis of α-AI
Semi-quantitative PCR of different developmental stages of barnyard millet seeds showed increased levels of the transcript from 7 to 28 days, while in matured seeds of barnyard millet, α-AI gene expression was not found (Fig. 5) . Variation in the band intensity would, therefore, represent differences in cDNA concentration. Intensity of bands was revealed by relative densitometry values in gel on densitometry analysis (Alpha EaseFC software, Alpha Innotech Corporation, USA) found increasing order of intensity, i.e., in 7 days (3.3%), 14 days (7.8%), 21 days (18.3%), 28 days (31.0%), matured seed (0.0%) and in tubulin gene (39.5%).
Sequencing and characterization of α-AI gene sequence
The amplified PCR product was sequenced to found 315 bp. NCBI nucleotide BLAST (http://www.ncbi.nlm. nih.gov/) revealed 99% homology with E. coracana alphaamylase-trypsin bifunctional inhibitor gene, partial cds (gb|DQ494211.1). The translated product of DNA sequence contained 104 amino acids, which was retrieved from ExPASy translate tool (http://web.expas y.org/trans late/) (Fig. 6) . The 3D structure model of α-AI was constructed in SWISS-MODEL workspace using already existing α-AI structure (Tenebrio molitor Larval Alpha-Amylase complex with the bi-functional inhibitor of ragi) as a template. 1-98 amino acids were used for the construction of the 3D structure and 86.73% similarity was found with the template sequence (1tmqB). Predicted 3D structure of α-AI of barnyard millet is shown in (Fig. 7) . Very less E value (1.64068e−42) in sequence identity indicates that the 1tmqB and α-AI of barnyard millet has a very similar structure.
Bioinformatics analysis for characterization of α-AI
Amino acid composition of the translated product of α-AI gene from barnyard millet was analyzed by ProtParam to find the molecular weight (10.72 kDa), theoretical pI (6.77), and negatively charged as it contained 12 negatively charged amino acids and 11 positively charged amino acids (Table 4) . Aliphatic index of α-AI was 83.93. Aliphatic index of protein measures the relative volume occupied by aliphatic side chains of the amino acids: alanine, valine, leucine, and isoleucine. Globular proteins with high aliphatic index have high thermostability and an increase in aliphatic (7, 14, 21 , and 28 days and matured seed) of seeds of barnyard millet (PRJ1). Sterile distilled water was used as a control. Tubulin was used as an internal control 
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Two conserved motifs 'N-P-L-P-[S/G]-C-R-W-Y-V-V-[S/Q]-[Q/R]-T-C-G-[V/I]' (amino acids, 1-17) and 'L-E-D-L-P-G-C-P-R-Q-V-Q-R-E-F-A-[A/P/R]-K-L-V-T-[E/P]-[G/A]-E-C-N-L-S-T-[I/V]-H-[G/N]'
(amino acids 65-96), were found in α-AI of barnyard millet index protein thermostability increases (Ikai 1980; Rawlings et al. 2006) . The amino acid composition of α-AI protein sequence was in (Table 5) . Ala, Arg, Gly, Glu, Gly, Leu, Pro, and Ser were major amino acids constituting about 57.68% α-AI. Six cysteine residues present in the sequence revealed that α-AI bear disulfide bonds, which were believed to be essential for conformational stability and catalytic activity (Hung et al. 2003 ) (Fig. 6 ).
Alignment of homologous sequences was performed with Mega 5.0 (Tamura et al. 2011) showed two conserved motifs, namely, 'N-P-L-P-[S/G]-C-R-W-Y-V-V-[S/Q]-[Q/R]-T-C-G-[V/I]' (amino acids, 1-17) and 'L-E-D-L-P-G-C-P-R-Q-V-Q-R-E-F-A-[A/P/R]-K-L-V-T-[E/P]-[G/A]-E-C-N-L-S-T-[I/V]-H-[G/N]'
(amino acids, 65-96), were found in α-AI of barnyard millet and these sequences are homologous to α-AI of E. coracana, Sorghum bicolor and Zea mays. (Fig. 8) . Superfam analysis of protein sequence of α-AI of barnyard millet revealed their similarity to proteinase/ α-AI family (Bifunctional inhibitor/lipid-transfer protein/ seed storage 2S albumin super family) with Amaranthus hypochondriacus, Hordeum vulgare, Triticum aestivum, S. bicolor, and Secale cereal.
In silico analysis of protein sequences of α-AI
Seventy-one protein sequences of α-AI were retrieved from NCBI protein database. The accession numbers of retrieved sequences along with species names are listed in Table 6 . Analysis of multiple sequence alignment revealed the presence of conserved regions throughout sequences.
In sequences, a conserved site 'MASKSS[I/C][T/D] LLLAAVL[A/V]S[V/I]' was observed toward their N-terminus, followed by one more sequence 'LV[T/A][S/P]G[H/Q] CN[V/L][M/A]T[V/I]HN[A/T/V][P/R]Y'.
Evolutionary relationships between different sequences were studied using phylogenetic tree constructed by Neighbor-joining method (Fig. 9) . Overall, seven major clusters were observed in the phylogenetic tree. Cluster '1' represents 12 sequences of A. hypochondriacus, E. frumentacea, H. vulgare, T. aestivum, S. bicolor, and S. cereale. The biochemical features of this cluster are listed in Table 6 . The amino acid residues in sequences of this cluster ranged from 25 to 171 with a molecular weight range 2.71-18.52 kDa. Isoelectric point Fig. 7 Three-dimensional structural model of α-AI from barnyard millet. The 3D structure model of α-AI was constructed in SWISS-MODEL workspace using α-AI structure of ragi as a template. 1-98 amino acids were used for the construction of the 3D structure and 86.73% similarity was found with the template sequence (pI) for this group was placed between 3.92 and 7.50. The instability index is used to measure in vivo half-life of a protein (Guruprasad et al. 1990 ). The proteins which have been reported as in vivo half-life of less than 5 h showed an instability index greater than 40, whereas those having more than 16 h half-life (Rogers et al. 1986 ) have an instability index of less than 40. Instability index of this cluster placed between 25.76 and 57.42. Aliphatic index of protein measures the relative volume occupied by aliphatic side chains of the amino acids: alanine, valine, leucine, and isoleucine. Globular proteins with high aliphatic index have high thermostability and an increase in aliphatic index increases protein thermostability (Ikai 1980; Rawlings et al. 2006 Zea mays, Oryza sativa, and E. coracana. This cluster was further divided into two subclusters. Subcluster 1 includes 6 sequences of S. bicolor. Subcluster 2 includes sequences of S. bicolor, H. vulgare, Zea mays, Oryza sativa, and E. coracana. The amino acid residues of this cluster ranged 105-185 and molecular weight 11.47-19.62 kDa with pI values placed between 6.45 and 8.96. Instability index of cluster 3 ranged between 41.62 and 73.58, indicated that in vivo half-life of proteins of this cluster are less than 5 h and aliphatic index of this group ranged from 66.95 to 99.01. Cluster 4 consists α-AI sequences of Delonix regia and T. aestivum. The amino acid residues of this cluster ranged 19-121 and molecular weight ranged 2.07-13.89 kDa and pI values placed between 9.08 and 9.99. Instability index of this cluster ranged between 50.14 and 55.23 and Aliphatic index ranged from 41.05 to 95.12. Cluster 5 represents the bacterial α-AI sequences of Streptomyces (S. ghanaensis, S. avermitilis, S. roseosporus, S. griseosporeus, S. olivaceoviridis, S. tendae, S. rochei, and S. aureofaciens) and one sequence of R. communis. These α-AI contained amino acids ranged 36-120 and their molecular weight ranged from 3.93 to 12.62 kDa. The pI of this group was ranged from 4.11 to 7.73. Instability index of these bacterial sequences ranged 15.97-38.69, indicated that in vivo half-life of these proteins are more than 16 h. Aliphatic index of cluster 5 ranged from 56.67 to 90.19. Cluster 6 represents the α-AI sequences of Arabidopsis thaliana, Corynebacterium matruchotii, Coix lacryma-jobi, E. coracana, and Zea mays. The sequences of cluster 6 contained amino acids in the range of 95-205 with molecular weight ranged from 9.33 to 20.62 kDa and their pI value ranged in 5.21-9.89. Instability index of this cluster ranged between 9.45 and 56.43 and Aliphatic index ranged from 26.82 to 113.67 represents high thermostability variation in this group. Cluster 7 represents 13 α-AI sequences of Delonix regia, H. vulgare, T. aestivum, Oryza sativa, R. communis, P. vulgaris , and Medicago truncatula. The amino acids residues in this group ranged from 22 to 769 with molecular weight ranged 2.31-78.59 kDa and theoretical pI values ranged from 3.84 to 9.42.
Superfam tools for super family analysis of sequences of α-AI revealed seven different super families (Table 7 ). All bacterial α-AI sequences of Streptomyces ghanaensis
Conclusions
The mature seeds of barnyard millet variety PRJ1 contain higher α-AI activity compared to finger millet and the α-AI activity is increased during the developmental stages of seed up to 7 days. α-AI gene from barnyard millet variety PRJ1 contains 315 bp nucleotides and translated product contains 104 amino acids with MW 10.72 kDa. Bioinformatic analysis reveals that it has more similar to the bifunctional inhibitor of ragi. Similarity analysis of various α-AI showed a conserved region in all the sequences and is distributed in seven superfamilies. Hence, phylogenetic clustering and variation among biochemical features of different α-AI might contribute in further classification and selection of suitable α-AI for biotechnological application. Conserved sequences in motifs may be utilized for designing of specific degenerate primers for identification and isolation of type and class of α-AI. Apart from this sequence information, structural information is also required to identify new α-AI. Thus, in silico analysis might be used for future genetic engineering of α-AI. 
